Flipped classroom is an approach that uses technology-support instruction to deliver content pre-class in order to maximise student-centered learning and problem-solving skills during class time. The concept is emerging as a feasible approach and is having a positive impact on students learning outcomes and improves information retention. Some developed countries such as United States of America, China, Australia and Canada have implemented this instructional approach to reform their educational system. Despite the positive impact of the flipped classroom instruction, the challenge remains for many high school teachers in developing countries to embrace this new paradigm. This situation raises legitimate concerns that need to be addressed. Therefore, this paper examines the existing literature that offer evidence-based of flipped classroom implementation challenges and proposes a practical alternative model for high schools in the developing countries. The proposed model provides teachers and students who face difficulties concerning internet access, video production, and equipment costs with an easy strategy to adopt flipped classroom instructional method. This study contributes to the high school curriculum development in developing countries to integrate flipped classroom approach and enhance students' learning experiences.
Introduction
Several studies have stressed the need for alternative pedagogy for high schools to improve students' learning outcome (Arum & Roksa, 2011; Lee, Cawthon & Dawson, 2013; Schoenfeld & Sloane, 2016) . Students' ability to understand the content, solve problems and learning confidence all shaped by the method of teaching they receive in school (National Council of Mathematics Teachers [NCTM], 2000) . Hence, it is essential for the teacher to use a proper teaching method that could resolve this problem.
Flipped classroom concept is emerging as pedagogical approach that is feasible and effective to address students' needs in our current generation (Davies, Dean & Ball, 2013; Vaughan, 2014; Mortensen & Nicholson, 2015) and has a positive impact on students' learning achievements (Tsai et al., 2016) . In the flipped approach, student review learning materials involves formats such as audio, video and, PowerPoint presentation on a web-based platform before class, then go to class for in-class activities where homework, problem-solving exercises, and projects are deliberated to enrich student learning outcomes under teacher's assistance (Mousel, 2013; Pena & Rosson, 2014) .
Many studies have stressed that students-centered method employed in a learning environment is very important (Agbatogun, 2014) . Due to the introduction of flipped classroom, the student-centered approach in the classroom has become more feasible and achievable for some years now. This instructional method motivates and stimulates students in active learning (Hwang, et al., 2015) . Students who are engaged in active learning and problem-solving are able to improve their performance (Chang, Hsiao & Barufaldi, 2006) . Many studies have indicated that students in flipped classroom perform better than their peers in a normal lecture classroom (Kong, 2015; Sahin, Cavlazoglu & Zeytuncu, 2015) .
Developed countries such as United States of America, China, Australia, and Canada implemented this approach to reform their educational system, due to advanced internet technology as well as modern digital technologies. Despite the positive impact of the flipped classroom model, the challenge remains that many high school teachers in developing countries, continue to depend on a lecturebased approach as a medium of the classroom instruction where students are expected to read textbooks after class for a better understanding of concepts. This approach of instruction has resulted in high school students' difficulty and misunderstanding of many classroom lessons such as core mathematics, integrated science, and biology (Stosic, 2015) . Even though it may not be factual for all students and other content, traditional lecture method traps students into memorising and rehearsing of study material for the sole purpose of school examination.
The aim of this study is to examine existing literature that offer evidence-based of challenges of flipped classroom implementation and proposed practical alternative flipped classroom model for high schools in developing countries.
The rest of the paper discusses pertinent literature review based on the concept of flipped classroom, reported outcomes, and existing flipped classroom models. Further, critical analysis was made to find out the challenges of implementing this promising instructional approach and drawback of the existing models. Further, a useful proposed flipped classroom model was designed for high schools, followed by a conclusion and future studies.
Literature Review

Concept of flipped classroom
In 2008, Jonathan Bergmann and Aaron Sam, High School chemistry teachers in Colorado, were trying to find out how they can help their students who always absented themselves from class. They used their own money to prepare recording lessons and posted online for those students. It was revealed that even students who had not missed class watch the recorded lessons which enabled them to improve their understanding as well as their learning ability. Bergmann and Sam rethink how to use the class time which led to the concept of flipped classroom (Tucker, 2012; Enfield, 2013) . The flipped classroom model is designed to increase active learning in knowledge acquisition and construction. The philosophy behind the flipped classroom model is to maximise students' engagement with content and enhance teachers' contact time in order to improve their understanding (Rotellar & Cain, 2016) .
In this 21st century, many educational reforms focus on how students are prepared to acquire higher-order or critical thinking skills in order to cope with the challenges in the continually changing society (Kong, 2014) . Most teachers expect their students to be able to state, apply, analyse, evaluate and create a concept once the class is over.
As shown in figure 1, using flipped classroom strategy, students acquire lower-order skills of remembering and understanding as a result of learning teachers' pre-lesson materials such as online video, a web-based tutorial in the out-class. During in-class activities involving discussion, problemsolving, project learning, and debates, students also gain knowledge of high-order thinking skills such as applying, analysing, creating, and/or evaluating (Lai & Hwang, 2016) . Mousel (2015) in his study used 22 junior high school students in an international Baccalaureate Standard Level mathematics who received trigonometry lessons through flipped classroom model. The students were asked to complete a ten-item survey questionnaire regarding perceptions, attitudes, and beliefs of competency using both flipped classroom and the traditional method. He found out that the flipped classroom model generally has a positive effect on students' attitude and perceptions than the traditional approach. Kong (2015) investigates the effect of flipped classroom instruction on students' critical thinking achievement. A sum of 124 junior high students exposed to the three-year trials of the teaching method where they were engaged in online pre-lesson and in-class group activities. He tested the students after the teaching trials and concluded that flipped classroom method promotes students competency in a critical thinking achievement. Spilka and Manenova (2013) compared flipped classroom with educational screencasts and traditional method in upper primary schools. They conclude that there was no significant difference in achievement between pupils in flipped classroom and those in the traditional method. Bhagat, Chang and Chang (2016) examine the effect of flipped classroom and traditional method of teaching on 82 high school students mathematics achievement. They indicate that students in flipped classroom learning environment perform better than the counterpart in the traditional classroom.
Implementation of flipped classroom in high schools
Flipped classroom models
The flipped classroom approach uses online instruction outside class period in order to increase students' engagement and learning during the in-class time (Mazur et al., 2015) . Nat (2015) asserts that, in developing flipped class model, particularly in developing countries, it is important to include the needs of students and schools in selecting out-class and in-class activities. Nat (2015) further proposed a classroom model for the developing countries, which is shown in figure 2. This model has four dimensions (Before the class, in the class, anytime/anywhere, after the class). Students learn online materials anywhere before the class, participate in the interaction in the class, and check their understanding after class. Nat (2015) explains that this series of activities increase students' commitment and interest. Lai and Hwang, (2016) designed self-regulated flipped classroom model learning process to engage students in self-learning activities as in figure 3. They suggested that the teacher should initially introduce the learning content, and followed by an explanation of self-regulated learning mode and then flipped classroom. In their proposed model, students read e-books and take quizzes, and their performances are sent to a database. The teacher then conducts in-class discussion according to students' misunderstandings in the out-class activities. After students encounter with both in-class and out-class activities, they are directed to complete self-evaluation test using self-regulated monitoring system. 
Challenges of Flipped Classroom Implementation
There are many challenges for flipped classroom curriculum integration such as lack of technology, and poor monitoring of students' work at home, video production time and equipment costs, software for creating instructional podcasts (Tong, 2014; Yang, 2014; Yarbro et al., 2014; Lage, Platt & Treglia, 2000) but Internet access or online resource is a major problem when considering implementing flipped classroom instruction to support learning (Ginns & Ellis, 2007) . Developed countries such as United States of America, Canada, United Kingdom, and Hong Kong, have internet access percentage at 102.7%, 82.9%, 106%, and 105.1% of the population respectively (Tong, 2014) . The high rates of internet access enable successful implementation of flipped learning. In support, Ullman (2013) explains that Internet access is relevant for the student to watch online videos during the pre-class time.
However, the percentage point gap between internet access rates among developed countries compared to developing countries is 42.7% (Chinn & Fairlie, 2010) . In addition, in spite of the increasing number of Internet support systems particularly in Africa, internet service access remains very low (Chavula et al., 2014) . One can assert that most developing countries are not implementing flipped classroom instructions due to internet accessibility being perceived as the only way to conduct the flipped pre-class activities.
As indicated in the literature, Internet access is the factor to consider for the implementation of flipped classroom model since students are required to study online material at home before the inclass activities. None of the existing flipped classroom implementation models took this major challenge into consideration. For instance, Nat (2015) and Lai & Hwang (2016) suggested online learning as the only means for pre-class activities. One can assert that most developing countries are not implementing flipped classroom instructions due to Internet accessibility being perceived as the only way to conduct the flipped out-classes activities. In addition, the existing flipped classroom models were designed and applied in higher education. Therefore, it is important to design an alternative model for flipped classroom that does not uniquely depend on the online learning and higher education.
The Proposed Flipped Classroom Model
The proposed flipped classroom model for high schools for the developing countries considered other options with the lack of Internet accessibility, video production and equipment cost for preclassroom. The model involved five sessions: Learning material preparation, Decision Making, Pre-class activities, In-class activities, and after class activities. Below is the detailed explanation.
Learning material preparation
High school stakeholders can use available learning materials and social environment to develop their own materials. For instance, they can create learning in short segments known as Microlearning for outside classroom activities using supported social media platforms. These social environments are actively used by students, free to use and do not require personal maintenance. Some common social media platforms and Micro learning content types they support are provided in Table 1 . Preparing Micro learning for students' outside classroom activities could engage them with the subject matter and increases their knowledge retention. High school teachers can also adopt free Open Education resources (OER) for the outside classroom activities. These resources have content such as Khan Academy, Wikibooks or Wikijunior, repositories with high-quality STEM content. For instance, ODUM library has OER for high schools with learning materials on different subject areas. The teachers can refer their students to these OER for preclassroom activities.
Teachers have an option to use prepared learning materials for the flipped classroom video or graphics delivery such as YouTube, Wevideo, TedEd and Piktochart to minimise cost. Since some already prepared videos on specific lessons are sometimes difficult to retrieve for flipped classroom model, many teachers may decide to create their own quality lecture videos. It is important to find a less cost budget for video production. The most costly aspect of the video preparation is the equipment for filming and software for editing. However, teachers could use smartphones for the video preparation. These phones have a quality video filming and editing platform. This approach is cost-effective and could encourage more flipped classroom approach in high schools' curriculum.
Further, school management can buy low-cost video cameras in addition to those in the smartphones for the flipped classroom video production. Teachers can jointly use these video cameras to prepare a series of short videos according to the topics in the teaching syllabus. These prepared instructional content videos should be kept in the school library. The videos could be used subsequently whenever delivery of such content to reduce the cost of preparing another video.
Decision making
The instructor prepares the lesson plan by deciding on which medium to deliver the learning materials for students to learn during the pre-class activities. This decision should depend on the learning material available in school and at homes or communities. For example, social media platforms for Micro learning, OER, video preparation material, computers and Internet access in the school and the community.
Pre-class activities
The instructor has three options to store lecture videos or materials for the students. The instructor should use desktop computers in the school laboratory for students in the boarding school where they can visit during their own time, to learn the material before class. In addition, teachers' presentations can be stored on storage devices such as a digital optical disc and flash drive for students to access on TV in homes at their own time, as shown in figure 3 . Students learning the materials before class gain a knowledge level of remembering and understanding of the concept learned. Further, school and community with a high level of internet access should consider the option of web-based online learning. After the pre-class learning, students are expected to remember and understand the material learned before the in-class activities. This can be achieved when students have proper access to the stored presentation.
In-class activity
In-class activities, students should be engaged in students-students and students-teacher discussion or interaction, problem-solving exercises, and project work. The teacher serves as a facilitator who controls the class activities. During these activities, it is expected that students acquire knowledge level of applying, creating, analysing and evaluation of new materials. This is possible when in-class activities are well-structured.
After class activities
Instructors should assess students' level of knowledge lower-order and higher-order thinking during post-class activities. This will enable the instructor to know whether high school instructional objectives are achieved. Students should be able to answer questions that demand lower-order and higher-order thinking.
The challenge of every teacher is to provide effective instruction that caters for the diversity of students' intellectual strength in the classroom. The above activities could offer a differentiated curriculum that could enable teachers to achieve this objective.
Conclusion and Future Studies
The proposed flipped classroom model provides solutions to some challenges of implementing flipped classroom such as lack of Internet or web access and video production cost. This may increase the use of flipped classroom instruction to reform instructional approach in high school education, where content will be taught to generate students' critical thinking but not conveying information to them.
The proposed model for the flipped classroom could enable teachers, particularly in developing countries to adopt flipped classroom pedagogy as an instructional approach. This emerging instructional strategy may increase students' learning management and problem-solving skills to
